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Dynamics of domain wall in charged AdS dilaton black hole spacetime
Wu-Long Xu∗ and Yong-Chang Huang†
Institute of Theoretical Physics, Beijing University of Technology, Beijing 100124, China
For the n− 1 dimensional FRW domain wall universe induced by n dimensional charged dilaton
black hole, its movement formula in the bulk can be rewrite as the expansion or collapsing of domain
wall. By analysing, we found that in this static AdS space, the cosmologic behaviour of domain
wall is particularly single. Even more surprising, it exists an anomaly that the domain wall has a
motion area outside of horizon, in which it cannot be explained by our classical theory.
I. INTRODUCTION
As we know that general relativity (GR) is not only
a beautiful theory but also consistent with the observa-
tions. But there are still many problems that GR can’t
solve [1]. Now we can not define which inflation model
is the most accurate [2] and it also includes the problem
of dark matter and dark energy [3]-[5]. Thus other grav-
ity theory is coming into being such as f(R) gravity [6],
Brans-Dicke gravity [7], higher-order gravitational theory
[8], dilaton gravity [9] and so on [10], [11].
Among these theories beyond GR, dilaton gravity is
regarded as the low energy limit of string theory. Adding
dilaton field will take many interesting characters such as
dilaton charged black hole. Ref. [12] got a calss metric
solutions that is neither asympototically flat nor (A)dS
. These solutions just have a singularity on the origin.
Also when the dilaton potential is token as Liouville type,
People can gain different black hole solutions [13]-[23].
Then C. J. Gao and S. N. Zhang present the AdS metric
solution in the charged dilaton black hole [24], [25].
The AdS/CFT duality originated from superstring the-
ory is one of the best applications for the AdS spacetime
[26]. And the holography in the charged dilaton black
hole have been studied deeply [27]-[31].
Because of the speciality and important of AdS space
[32], in which many physics have been discussed [33],
it is necessary to study the motion of domain wall in
the charged AdS dilaton black hole bulk now [34], [35].
Indeed, we find that its motion is single and it exists an
anomaly that is not explained by our classical theory.
Our paper is arranged as follow. In section II, we in-
troduce the charged dilaton black hole bulk. Its met-
ric solution shows the (A)dS characater. In section III,
we describle a bulk-wall system in which, the Friedmann
equations on the domain wall can be induced by the Israel
matching conditions. Thus we can rewrite the equations
of motion of the domain wall in the bulk as the expres-
sion of expansion or collapsing of that. In the section
IV, we specifically analyze the motion of domain wall by
the speed-coordinates diagram. It found that in this AdS
space, the motion of domain wall is single. Meanwhile it
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exists an anomaly. In section V, we make the conclusions
and discussion.
II. CHARGED DILATON BLACK HOLE BULK
In the theory of n dimensional Einstein-Maxwell-
dilaton gravity, the action is
Sbulk =
∫
dxn
√
g[R− 4
n− 2(∇φ)
2−V (φ)−e −4n−2αφFMNFMN ],
(1)
where R is the Ricci scalar, φ and V(φ) is the dilaton
field and dilaton potential. FMN = ∂MAN − ∂NAM is
the electromagnetic tentor. The constant α denotes the
coupling strength between the Maxwell field and the dila-
ton field. The potential function is taken as
V (φ) =
2Λ
(n− 1)(n− 3 + α2)
(−α2(n2 − nα2 − 6n+ α2 + 9)e− 4(n−3)φ(n−2)α
+ (n− 3)2(n− 1− α2)e 4αφn−2
+ 4α2(n− 2)(n− 3)e−2n−3−α
2
(n−2)α ),
(2)
where Λ is cosmology constant and Λ = − (n−1)(n−2)2l2 .
Varing action (1) with respect to the metric gAB, dila-
ton field φ, Maxwell field AM , respectively, the dynamic
equations can be gotten.
RMN =
4
n− 2(∂Mφ∂Nφ+
1
4
gMNV )
+ 2e−
4
n−2αφ(FMPF
P
N −
1
2(n− 2)gMNF
2)(3)
∇2φ = n− 2
8
∂V
∂φ
− α
2
e−
4αφ
n−2F
2
(4)
∇M (
√−ge− 4αpin−2FMN ) = 0. (5)
The form of metric is
ds2 = −N2(r)f2(r)dt2 + dr
2
f2(r)
+R2(r)dΩ2k,n−2, (6)
where dΩ2n−2 is the line element of n−2 dimensional space
with constant scalar curvature(n− 2)(n− 3)k. k = 0,±1
donates the topology of horizon as to be plane, sphheric
and hyperbolic respectively.
2Taking this metric (6) into the Maxwell field equation,
it will have
Ftr = N(r)
qe
4αφ
n−2
Rn−2
, (7)
where we just conside the Maxwell field as electric charge
and q is the charge of black hole.
Using the metric and the dilaton potential function,
these field equations can be solved as (the detail can be
found by the Ref. [25].
N2(r) = (1− ( b
r
)n−3)−γ(n−4) (8)
f2(r) = (1 − ( b
r
)n−3)γ(n−4)[(k − ( c
r
)n−3)
× (1− ( b
r
)n−3)1−γ(n−3) − 2Λ
(n− 1)(n− 2)r
2
× (1− ( b
r
)n−3)γ ] (9)
R2(r) = r2(1− ( b
r
)n−3)γ (10)
γ =
2α2
(n− 3)(n− 3 + α2) (11)
φ(r) =
(n− 2)α
2(n− 3 + α2) ln(1− (
b
r
)n−3), (12)
where b and c are integration constants with the length
of the dimension. The charge q related with b and c is
q2 =
(n− 2)(n− 3)2
2(n− 3 + α2) b
n−3cn−3. (13)
III. THE DYNAMIC EQUATION OF DOMAIN
WALL
For a domain wall-bulk system, n− 1 dimensional do-
main wall is embedded into the bulk in parallel. Here we
want to take n = 5 for explaining the physics. Firstly,
we take the position of one object XA(t, r, x, y, z) in the
bulk coordinate, while it is xµ(τ, x, y, z) in the domain
wall coordinate [36]. The domain wall move along with
the coordinate r in the bulk. When we consider the do-
main wall as our universe, it shows four dimensional FRW
spacetime can be induced by the five dimensional bulk
metric, namely, XA(xµ) = (t(τ), r(τ), x, y, z). Next we
will get it. We ansatz the generally static metric as
ds2 = gABdx
AdxB = −A(r)dt2 +B(r)dr2 +R(r)2dΩ2.
(14)
The velocity of object is V A(t˙, r˙, 0, 0, 0). The ovedots
and primes is differentiation with respect to τ and r re-
spectively in the next place. According to the condition
gABV
AV B = −1, it can be obtained that is
−At˙2 +Br˙2 = −1→ t˙ =
√
Br˙2 + 1
A
. (15)
Thus, the form of induced FRW metric is
ds2 = −dτ2 +R(r(τ))2dΩ2. (16)
Then it should be know that the extrinsic curvature for
the wall is
KAB = h
M
A h
N
B∇MnN , (17)
where nA(m, l, 0, 0, 0) is the normal vectora and hAB is
the induced metric of domain wall.
Using the conditions
VAn
A = 0 (18)
nBnAgAB = 1, (19)
we have the expression of nA
nA = (
√
ABr˙,−
√
B(1 +Br˙2), 0, 0, 0) (20)
Thus the components of extrinsic curvature can be writ-
ten as
Kij = ∇inj = hij
R
R′
√
1 +Br˙2
B
(21)
Kττ =
dt
dτ
dt
dτ
Ktt =
1
AB
d
dr
(
√
A(1 +Br˙2)). (22)
In the n− 1 dimensional domain wall, the action is
Sdw =
∫
dx4
√
−h{K}+
∫
dx4
√
−hLM (h˜µν), (23)
whereK = hABKAB, LM the matter on the domain wall
and we do the conform transform for the hµν [37],
h˜µν = e
2ηφhµν . (24)
The total action of system is
S = Sbulk + Sdw. (25)
Varying the action (25) with respect to the metric gAB
and the scalar field φ, the field equations on the domain
wall can be written as
{KAB −KhAB} = −(−2 δLM
δhAB
+ hABLM ) (26)
4
3
n · ∂φ = dLM
dφ
. (27)
Here we will assume that the domain wall has a Z2 sym-
metry and the {}− wil be used to calculate. When we
consider the matter as the perfect fluid on the domain
wall, the energy tensor T µν = Dig(−ρ, P, P, P ). Expand-
ing Eq. (3), when n = 5, we can acquire a equation.
1√
AB
d
dr
(
√
AB
R
R′
) = 1 +
4R2(φ′)2
9(R′)2
. (28)
3Taking the Eqs. (21, 22, 28) into the Eqs. (26, 27), the
boundry equations on the domain wall are
√
1 +Br˙2
B
=
√
1
B
+ r˙2 =
R
R′
1
6
ρ (29)
φ′ =
9
4
R′
R
ξ′(3w − 1) (30)
ρ˙+ 3H(P + ρ) = −4
9
ρφ˙2
H
, (31)
where the Habble constant H = R˙
R
= R
′r˙
R
and w = P
ρ
.
Taking the Eq. (30) and the bulk metric (6) into Eq.
(31), the expression of density ρ is
ρ = ρ0 + r
−
2(3+3w+α2)
2+α2 (r2 − b2)− 32 (1+w)+ 1+3w2+α2
× (−2b2 + r2(2 + α2)).
, (32)
where ρ0 is a constant. Combining Eqs. (6, 32) with Eq.
(29), the dynamic equation of domain wall is
R˙2 = V (r) = (
1
6
ρR)2 − (fR′)2. (33)
We will take metric into Eq. (33), it has
V (r) =
1
(b2 − r2)2(2 + α2)2 (1 −
b2
r2
)
α2
2+α2 (−2b2 + r2(2 + α2))2
× (r
−4
2+α2 (r2 − b2) 22+α2 ( c
2
r2
− k)
+
1
6
r
4−2α2
2+α2 (r2 − b2) 2α
2
2+α2 Λ
+
1
36
r
−
2(4+6w+α2)
2+α2 (r2 − b2)−1+ 2+6w2+α2 −3w(2 + α2)2).
(34)
Here it is the process of potential energy into kinetic en-
ergy. Finally Potential energy V (r) will become to be
kinetic energy in the infinity.
IV. THE EVOLUTION PROCESS
Here we get the evolution equation (33) of domain wall,
it indicates that V (r) must be big than zero. Because of
the complexity of V (r), it is difficult that knows its mon-
tonicity by analyzing these parameters w,α in the all
range of r. But using the increasing character of expo-
nential functions, we can know the laws of V (r) in the
r > 1 easily in the range of different parameters. Thus
when we scan the all parameters range in the r > 1 in
the picture, once the parameters are definite, the all im-
age of V (r) is clear in the 0 < r < ∞. Then according
the speed-position pictures, the evolution of domain wall
along with the time can be shown in the different topol-
ogy. Meanwhile we want to know the more characates of
AdS space, so that Λ = −1. In fact we know from the
follow contents that in the dS and flat space, the motion
of doain wall is expansion in the whole motor process.
Type I: k = 1.
Case (i): If r > 12 (1 +
√
1 + 4b2) > c, then r2 − b2 >
r > 1. Thus the expression of V (r) can be written as
approximatively
V (r) =
1
(b2 − r2)2(2 + α2)2 (1−
b2
r2
)
α2
2+α2 (−2b2 + r2(2 + α2))2
× (−r −42+α2 (r2 − b2) 22+α2
− 1
6
r
4−2α2
2+α2 (r2 − b2) 2α
2
2+α2
+
1
36
r
−
2(4+6w+α2)
2+α2 (r2 − b2)−1+ 2+6w2+α2 −3w(2 + α2)2).
(35)
Due to the montonicity of function, r
2α2−8
2+α2 < (r2 −
b2)
2α2−2
2+α2 . Compairing the first and the second terms,
its deformation is
− r −42+α2 (r2 − b2) 22+α2 + r 4−2α
2
2+α2 (r2 − b2) 2α
2
2+α2 =
r
−4
2+α2 (r2 − b2) 22+α2 (r 8−2α
2
2+2α2 (r2 − b2) 2α
2
−2
2+α2 − 1) > 0.
(36)
Similarly, if V (r) is larger than zero, it needs
(r2 − b2)−1+
2+6w−2α2
2+α2
−3w
> r
2(4+6w+α2)+4−2α2
2+α2 . (37)
Thus we have
r
2α2
2+α2 (r2 − b2) 2α
2
2+α2 (r
−
2(4+6w+α2)+4−2α2
2+α2
× (r2 − b2)−1+ 2+6w−2α
2
2+α2
−3w − 1) > 0.
(38)
Then using the character of exponential function and
the Eq. (37) the range of parameters w,α can be de-
terminated as w < 1, α ∈ R. For the range 0 < r <
1
2 (1 +
√
1 + 4b2), In fact, we don’t needs analyse its pa-
rameter. Because once we scan the parameters in the
r > 12 (1 +
√
1 + 4b2) > c, we can read its trend form the
pictures.
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FIG. 1: V (r) versus r for k = 1.
Suprisedly, when k = 1, domain wall will exist an ab-
normal region that the potential is negative out of the
horizon. Thus we can not explain this anomaly using
classcial physics. We guess that the domain wall should
exist a quantum behaviour, such as tunnel effect. The
transmlss probability is decided by the energy of domain
4wall and the width of tunnel. Here we mainly want to
study the motion of domain wall. So this anomaly will
be researched in our next paper.
In a ward, we will find that if R˙ > 0, the domain
wall firstly goes through an anomaly then accelerative
expansion from the FIG. (1). If R˙ < 0, the domain wall
collpases until it stops outside of the horizon.
Case (ii): If r > c > 12 (1 +
√
1 + 4b2) > b, we still plan
to take the way that for the big range c < r < ∞ we
use the monotonous character of exponential function to
scan the all range of parameters satisfied with V (r) > 0;
for the rest range of r, we can look the functional pictures
directly. So its result is same to the above scenario. Its
functional images are following that
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FIG. 2: V (r) versus r for k = 1.
In this case, it indicates that the domain wall is firstly
slow expansion reached a minimal value then accelerative
expansion when the coupling constant is not small. From
the FIG. (2), we can see that when the dilaton conpling
constant is very samll, the motion of domain wall is very
different. It is firstly accelerative expansion reached a
maximum value then decreasing expansion until a mini-
mal value followed by accelerative expansion again.
Type II: k = 0.
Case (i): The expression of V (r) is
V (r) =
1
(b2 − r2)2(2 + α2)2 (1 −
b2
r2
)
α2
2+α2 (−2b2 + r2(2 + α2))2
× (r−8−2α
2
2+α2 (r2 − b2) 22+α2 c2
− 1
6
r
4−2α2
2+α2 (r2 − b2) 2α
2
2+α2
+
1
36
r
−
2(4+6w+α2)
2+α2 (r2 − b2)−1+
2+6w
2+α2
−3w
(2 + α2)2).
(39)
We take the range r > 12 (1 +
√
1 + 4b2) to scan the pa-
rameters space. Because of (r2 − b2)2−2α2 < r12, it has
r
−8−2α2
2+α2 (r2 − b2) 22+α2 c2 − 1
6
r
4−2α2
2+α2 (r2 − b2) 2α
2
2+α2 =
r
4−2α2
2+α2 (r2 − b2) 2α
2
2+α2 (r
−12
2+α2 (r2 − b2) 2−2α
2
2+α2 − 1) < 0.
(40)
Thus if V (r) > 0, it needs to compare the second and
the third term. its result can be acqiured by the first
scenairo. So the range of parameters are w < 1, α ∈ R.
In this situation, the image is as follow.
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FIG. 3: V (r) versus r for k = 0.
Obvering the FIG. (3), it can be found that this situa-
tion is similar to the case (ii) of k = −1. But it is diferent
that when c is small, the length of jump from decrreasing
accelerative expansion to accelerative expansion is more
longer.
Type III: k = −1.
Case (i): If r > 12 (1+
√
1 + 4b2) > c. The form of V (r)
is
V (r) =
1
(b2 − r2)2(2 + α2)2 (1−
b2
r2
)
α2
2+α2 (−2b2 + r2(2 + α2))2
× (r −42+α2 (r2 − b2) 22+α2
− 1
6
r
4−2α2
2+α2 (r2 − b2) 2α
2
2+α2
+
1
36
r
−
2(4+6w+α2)
2+α2 (r2 − b2)−1+ 2+6w2+α2 −3w(2 + α2)2).
(41)
It has (r2 − b2)2−2α2 < r−2α2+8, Thus
r
4−2α2
2+α2 (r2− b2) 2α
2
2+α2 (r
2α2−8
2+α2 (r2− b2) 2−2α
2
2+α2 − 1) < 0. (42)
If V (r) > 0, we have
r
−
−2(4+6w+α2)
2+α2 (r2−b2)−1+ 2+6w2+α2 −3w−r 4−2α
2
2+α2 (r2−b2) 2α
2
2+α2 > 0
(43)
So that we can derive the range of parameters w < 1, α ∈
R. Then the functional picture is FIG. (4) in the all value
of r.
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FIG. 4: V (r) versus r for k = −1.
Case (ii): If r > c > 12 (1 +
√
1 + 4b2) > b, we adopt
the first scenairo. Its functional picture is FIG. (5).
For k = −1, it shows that for this two cases the motion
of domain wall is same to the previous examples such as
k = 0 from their pictures.
Generally, in a AdS space, if the backgroud is the
static charged dilato black hole, the motion of domain
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FIG. 5: V (r) versus r for k = −1.
wall is always firstly decreasing expansion reached a
minimal value then accelerative expansion in the bigger
value’s coupling constant. When the coupling constant
is smaller, the motion of domain wall is firstly accelera-
tive expansion reached a maximum value then decreasing
expansion until a minimal value followed by accelerative
expansion again. Thus its motion is pretty single. But
it exists an anomaly when k = −1 and c is smaller. For
this case, we can not use the classical thery to explain it.
V. CONSLUSIONS AND DISCUSSION
In the AdS space, the n− 1 dimensional FRW domain
wall universe can be induced by the n dimensional dilaton
charged black hole bulk. We use the metric solved by the
Gao and Zhang [25] to analyse the cosmologic behaviour
of domain wall. By the Israel matching conditions, we
can rewrite the motion of domain wall in the bulk as the
expansion and collapse of domain wall. In the course of
analysis, we use a novel way that on the larged region of
motion, we use the montonicity of exponential function
to define the parameters range satisfying the condition
V (r) > 0. Then by scaning all parameters range, the
motion images can be made easily in the whole area. We
choose three different topologies of horizon to observe the
behaviour of domain wall. It is found that the motion of
domain wall is single that when the coupling constant
is bigger, the motion of domain wall is firstly decreas-
ing expansion reached a minimal value then accelerative
expansion; when the constant is smaller, its motion is
firstly accelerative expansion reached a maximum value
then decreasing expansion until a minimal value followed
by accelerative expansion again. Also the length of first
stage of accelerative expansion and then descrising ex-
pansion is determined by the parameters w,α, c. But it
is excited that when k = 1 and 12 (1 +
√
1 + 4b2) > c,
we found it exists an anomaly that the potential energy
of domain wall is negative in certain location outside of
horizon. we guess that the domain wall may have the
tunnel effect. In fact, not only the single cosmologic be-
haviour but also the anomaly, it all demonstrate the AdS
space’s specificity and the significance of this study.
For the discussible works, when we know how the do-
main wall universe evolves in the charged AdS dilaton
black hole background, the stability of universe is inter-
ested for us. Simplify, we don’t think the fluctuation of
bulk, while it just allows the domain wall to do perturba-
tion [38], [39]. Then we also want to study the cosmologic
anomaly. If it is belong to a quantum effect, will it have
a relation with the Hawhing radiation? Also we want to
calculate the observations in different cosmologic stage,
such as, inflation, reheating and so all. This will pro-
vide strong evidence for the existence of the domain wall
universe and extra dimension.
Acknowledgements
The work is supported by National Natural Science
Foundation of China (No.11875081 and No.10875009).
[1] C. M. Will, “The Confrontation between General Rela-
tivity and Experiment,” Living Rev. Rel. 17, 4 (2014)
[arXiv:1403.7377 [gr-qc]].
[2] J. Martin, C. Ringeval and V. Vennin, “Encyclop-
dia Inflationaris,” Phys. Dark Univ. 5-6, 75 (2014)
[arXiv:1303.3787 [astro-ph.CO]].
[3] G. Jungman, M. Kamionkowski and K. Griest, “Super-
symmetric dark matter,” Phys. Rept. 267, 195 (1996)
[hep-ph/9506380].
[4] H. Wei and S. N. Zhang, “How to Distinguish Dark En-
ergy and Modified Gravity?,” Phys. Rev. D 78, 023011
(2008) [arXiv:0803.3292 [astro-ph]].
[5] G. Ryskin, “The emergence of cosmic repulsion,”
Astropart. Phys. 62, 258 (2015) [arXiv:1810.07516
[physics.gen-ph]].
[6] A. De Felice and S. Tsujikawa, “f(R) theories,” Living
Rev. Rel. 13, 3 (2010) [arXiv:1002.4928 [gr-qc]].
[7] C. J. Gao and S. N. Zhang, “Black holes in Brans-Dicke
theory with a cosmological constant,” gr-qc/0604083.
[8] K. i. Maeda and T. Torii, “Covariant gravitational equa-
tions on brane world with Gauss-Bonnet term,” Phys.
Rev. D 69, 024002 (2004) [hep-th/0309152].
[9] D. Garfinkle, G. T. Horowitz and A. Strominger,
“Charged black holes in string theory,” Phys. Rev. D 43,
3140 (1991) Erratum: [Phys. Rev. D 45, 3888 (1992)].
[10] K. Prabhu and L. C. Stein, “Black hole scalar charge
from a topological horizon integral in Einstein-dilaton-
Gauss-Bonnet gravity,” Phys. Rev. D 98, no. 2, 021503
(2018) [arXiv:1805.02668 [gr-qc]].
[11] T. P. Sotiriou, “Gravity and Scalar Fields,” Lect. Notes
Phys. 892, 3 (2015) [arXiv:1404.2955 [gr-qc]].
[12] K. C. K. Chan, J. H. Horne and R. B. Mann, “Charged
dilaton black holes with unusual asymptotics,” Nucl.
Phys. B 447, 441 (1995) [gr-qc/9502042].
[13] A. G. Agnese and M. La Camera, “General spherically
symmetric solutions in charged dilaton gravity,” Phys.
Rev. D 49, 2126 (1994).
[14] R. G. Cai, J. Y. Ji and K. S. Soh, “Topological
dilaton black holes,” Phys. Rev. D 57, 6547 (1998)
[gr-qc/9708063].
6[15] S. Hossein Hendi, B. Eslam Panah, S. Panahiyan and
M. Hassaine, “BTZ dilatonic black holes coupled to
Maxwell and Born-Infeld electrodynamics,” Phys. Rev. D
98, no. 8, 084006 (2018) [arXiv:1712.04328 [physics.gen-
ph]].
[16] S. H. Hendi, B. Eslam Panah, S. Panahiyan and M. Mo-
mennia, “Dilatonic black holes in gravity’s rainbow with
a nonlinear source: the effects of thermal fluctuations,”
Eur. Phys. J. C 77, no. 9, 647 (2017) [arXiv:1708.06634
[gr-qc]].
[17] S. H. Hendi, B. Eslam Panah and S. Panahiyan,
“Three dimensional dilatonic gravity’s rainbow: ex-
act solutions,” PTEP 2016, no. 10, 103A02 (2016)
[arXiv:1609.02002 [hep-th]].
[18] S. H. Hendi, M. Faizal, B. E. Panah and S. Panahiyan,
“Charged dilatonic black holes in gravitys rainbow,” Eur.
Phys. J. C 76, no. 5, 296 (2016) [arXiv:1508.00234 [hep-
th]].
[19] S. H. Hendi, G. H. Bordbar, B. Eslam Panah and M. Na-
jafi, “Dilatonic Equation of Hydrostatic Equilibrium and
Neutron Star Structure,” Astrophys. Space Sci. 358, no.
2, 30 (2015) [arXiv:1503.01011 [gr-qc]].
[20] A. Sheykhi and H. Alavirad, “Topological Black Holes in
Brans-Dicke-Maxwell Theory,” Int. J. Mod. Phys. D 18,
1773 (2009) [arXiv:0809.0555 [hep-th]].
[21] A. Sheykhi, “Thermodynamics of charged topological
dilaton black holes,” Phys. Rev. D 76, 124025 (2007)
[arXiv:0709.3619 [hep-th]].
[22] A. Sheykhi and M. Allahverdizadeh, “Higher Dimen-
sional Charged Rotating Dilaton Black Holes,” Gen. Rel.
Grav. 42, 367 (2010) [arXiv:0904.1776 [hep-th]].
[23] A. Sheykhi and A. Kazemi, “Higher dimensional dilaton
black holes in the presence of exponential nonlinear elec-
trodynamics,” Phys. Rev. D 90, no. 4, 044028 (2014)
[arXiv:1506.01786 [gr-qc]].
[24] C. J. Gao and S. N. Zhang, “Higher dimensional dilaton
black holes with cosmological constant,” Phys. Lett. B
605, 185 (2005) [hep-th/0411105].
[25] C. J. Gao and S. N. Zhang, “Topological black holes in
dilaton gravity theory,” Phys. Lett. B 612, 127 (2005).
[26] M. Natsuume, “AdS/CFT Duality User Guide,” Lect.
Notes Phys. 903, pp.1 (2015) [arXiv:1409.3575 [hep-th]].
[27] Z. Zhou, J. P. Wu and Y. Ling, “Holography of electri-
cally and magnetically charged black branes,” Eur. Phys.
J. C 79, no. 3, 195 (2019) [arXiv:1807.07704 [hep-th]].
[28] B. McInnes, “Holography of the QGP Reynolds Num-
ber,” Nucl. Phys. B 921, 39 (2017) [arXiv:1702.02276
[hep-th]].
[29] K. Goto, H. Marrochio, R. C. Myers, L. Queimada and
B. Yoshida, “Holographic Complexity Equals Which Ac-
tion?,” JHEP 1902, 160 (2019) [arXiv:1901.00014 [hep-
th]].
[30] B. McInnes and Y. C. Ong, “When Is Holography Consis-
tent?,” Nucl. Phys. B 898, 197 (2015) [arXiv:1504.07344
[hep-th]].
[31] S. J. Zhang and E. Abdalla, “Holographic Thermaliza-
tion in Charged Dilaton Anti-de Sitter Spacetime,” Nucl.
Phys. B 896, 569 (2015) [arXiv:1503.07700 [hep-th]].
[32] G. W. Gibbons, “Anti-de-Sitter spacetime and its uses,”
arXiv:1110.1206 [hep-th].
[33] A. c. Li, H. q. Shi and D. f. Zeng, “Phase structure and
quasinormal modes of a charged AdS dilaton black hole,”
Phys. Rev. D 97, no. 2, 026014 (2018) [arXiv:1711.04613
[hep-th]].
[34] M. Christensen, V. P. Frolov and A. L. Larsen, “Soap
bubbles in outer space: Interaction of a domain wall
with a black hole,” Phys. Rev. D 58, 085008 (1998)
[hep-th/9803158].
[35] V. P. Frolov, A. L. Larsen and M. Christensen, “Domain
wall interacting with a black hole: A New example of
critical phenomena,” Phys. Rev. D 59, 125008 (1999)
[hep-th/9811148].
[36] W. L. Xu, A. C. Li and Y. C. Huang, “Dynamic do-
main wall in charged dilaton black hole spacetimes,”
arXiv:1901.02155 [gr-qc].
[37] P. Brax, D. Langlois and M. Rodriguez-Martinez, “Fluc-
tuating brane in a dilatonic bulk,” Phys. Rev. D 67,
104022 (2003) [hep-th/0212067].
[38] A. C. Li, W. L. Xu and D. F. Zeng, “Linear Stabil-
ity Analysis of Evolving Thin Shell Wormholes,” JCAP
1903, 016 (2019) doi:10.1088/1475-7516/2019/03/016
[arXiv:1812.07224 [hep-th]].
[39] Y. C. Ong and P. Chen, “Stringy Stability of Charged
Dilaton Black Holes with Flat Event Horizon,” JHEP
1208, 079 (2012) Erratum: [JHEP 1501, 083 (2015)]
[arXiv:1205.4398 [hep-th]].
